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ESTIMATING THE EFFECTIVENESS OF HUMAN WORKING
CAPACITY UNDER SPACEFLIGHT CONDITIONS

G. T. Beregovoy, N. V. Krylova, I. B. Solov'yeva
and G. P. Shibanov

~

Four basic stages can be identified in the conquest of

space. In the first stage, the problem of creating technical de-

vices capable of overcoming the terrestrial gravitational field

was solved, At this stage, the primary role was played by a com-

bination of the techniecal sciences.

As soon as thils problem was solved, the realistic possibility

of studying the existence of living organisms under condltions

of spaceflight appeared. Therefore, the second stage 1n the con-

quest of space 1s characterized by extensive involvement of a

combination of the medical and biological sclences.

A logical continuation of the second stage was the stage of

manned spaceflight using automatically controlled spacecraft., The

flights of YU. Gagarin and G. Titov were the first manned space-

flights carried out aboard automatlcally controlled spacecraft,

This stage was necessary, since at that time the cgpacities of

the human operator under spaceflight conditions had not yet

peen investigated. The experience of a number of the first flights

showed man cannot only live, but can alsgo successfully work in

space.

*
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The space walk of A. Leonov in open space and G. Beregov's
manual control of the "Soyuz-3" spacecraft heralded the beginning of
the third stage in the active functioning of man aboard spacecraft,
If the development of aircraft control systems is a gradual transi-
fion from manual control to automatic control, systems of con-
trolling spacecraft have the opposite developmental trend — from
fully automatie flight to the modern maneuverable spacecraft with

manual control [1].

The prospects of mastering space require a study of human]
cdpacities to accomplish any particular types of activity, his
"psychological reserves", and the effect of spaceflight factors on
psychological functions, processes, and states. During this
process, the sciences that study the consclous, goal-directed
activity of man begin to play the most important role (the H4th stage),
and the primary role among these sciences is played by psychology

[21.

Today, thanks to flights of Soviet and American astronauts,
it has become obvious that man is capable of solving many problems
under the conditions of aspaceflight. One can dlscuss the activity
of the cosmonaut as a specific form of human activity, under LS
unusual and complex conditions, and requiring a high level of
activity: increased readiness to react to suddenly arising, un-
determined situatlons, a capacity to endure g-forces, weightless-
ness and isolation, mastery of a certaln system of knowledge,
skills, and capacities, and finally, a high degree of motivation
and goal directedness of the cosmonaut's personality [3]1, [51],

(63, 71, [81, [9l.

The unique aspect of the cosmonaut's activity is determined
by the fact that the "cosmonaut-spacecraft" system is more autono-
mous than any other "man-machine" system. Due to this, the cosmo-
naut should accomplish the functions of observer, operator,
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repairman, and ergative system reserve. This leads to increased
requirements for shifting from actiong of one type to actions of
another type, and alsc for the capacity to combine actions when

necessary.

The multiplicity of functions of the cosmonaut and the
necessity of transferring from one type of activity to another
complicate the evaluation of effectiveness and control of the
dynamics of cosmonaut working capacity. The transfer from
observation of operation of automatic systems to manual control,
for example, requires a high level of preparation and working
capacity. In the meantime, human working capacity can be de-
creased under the effect of spaceflight factors. Therefore, it
becomes necessary to have both special training of the cosmonaut
with respect to switching and combining activities, and to develop
methods of estimating the quality of activity accomplished and
the dynamics of working capacilty.

In estimating the quality of human actlvity under conditions
of spaceflight, 1t 1s expedient toc proceed from concepts on the
structure of activity that have developed in engineering psychology,
according to which its components (phases) are the following:

- search, perception, and decoding of information;

- estimating the situation according to the totality of
isolated signals (signs);

- formulating the conceptual model and making the decision;

- practical realizaticn of the deecision taken,

As applied to the speciflc types of human activity carried
out in the "man-machine" system of the funection of operator,
repalrman or ergative reserve, each of the above-mentioned phases

has 1ts own particular aspects,



For a man carrying out the functions of operator, the
specific aspects consist in the fact that the predominant component
in human activity is observing the behavior of the controlled object
(for example, attitude in space, velocity, temperature, pressure,
dynamic characteristics of the most important components that
determine the quality of the control, ete,), with the use of
different sources of information, (visual, acoustic, tactile),
This requires the human operator rapidly to switch from some
types of information concepts to others, and requires increased
attention, which in most cases leads to a limiting load on the
operator's sensory organs and to rapid fatigue.

At the second phase in the activity of the human operator,
analysls of the factual information obtained from the controlled
object for processing and its comparison with the information
standard for the stage of assigned flight regime of the object,
or the technological regime of the controlled process, predominates.

At this phase, the following actions are most difficult to realize:

- timely and correct extraction from memory of the necessary
information, characterizing the "ideal” control process; /5

- estimating the situation that has developed based on a
comparison of the totality of signs with the corresponding
region of thelr limitations (this requires high professional

training of operators).

A complex estimate of the effectiveness of the human operator
activity in the first and second phases can be carried out accord-
ing to the numerical values of certain quality indices for the
tracking operation — for example, the mean square devlation of
the tracking error, the number of maximally permissible deviations
in tracking parametefs over a given interval of time, dispersion

and mathematical expectation of ftracking errors, etc,



In the third phase, the specificity of operator activity 1s
expressed 1n the necessity of deciding on the method of control
Which can be expediently realized in the situation that has
developed, in the presence of false or inadequate relevant infor-
mation about the controlled object (process). At this stage,
the effectiveness of the operator's work can be estimated accord-
ing to the time of formulating the earlier unknown algorithm
Necessary for control, or accordlng to the time required to choose
the required sequence of controlling actions, based on one or
more particular algorithms from a number of known ones,

The specifics of the fourth phase consist in the fact that this
phase is a total phase with respect to the preceding activity, and
the errors that have been made 1n formulating the controlled actions
can nullify all the work of the operator that has been carriled
out in the preceding phases of activity. This characteristic of
the fourth phase should be Taken into account when simulating the
activity of the human operator under sftress conditions by assign-
ing corresponding "welghts™", and proportional "costs" of each
operator errcor made during this phase to the numerical quality
criteria of activity, and with respect to the required psychologi-
cal level of tralning, wlth a permlssible value of the probability

of erronecus cr untimely formaticn of the contrelling operation.

In the activity of the repalirman in servicing the technical
equipment of the "man-machline" system, the first phase consists of
information on the condition of the controlled system, which 1is
~gathered from the output devices (signals, indicators, digital
print-out devices), of the control-checking equipment. In this
phase, the human role is reduced to putting the facts together;
"the system is capable of operation", or "the system has lost the
capaclty to operate". The search for the primary information
characterizing the working capacity of the checked system and the

decoding of this information, as a rule, 1s carried out automati-

cally.



The second phase 1n the activity of the repairman is only
realized 1n the case of deducing the facts; "the system has lost
its functioning capacity". In thls phase, there 1s either an
analysis of additional information that makes 1t possible to
establish the reason for the loss of functioning capacity of the
checked system (or the location of a malfunction), or (in the
presence of facilities of automatic diagnosis of malfunction), an
analysis is made of the probable causes and locatlons of malfunctions
indicated by the automatic device, and of the information
characterizing functionlng capacity of the automatic means of con-

trol and diagnosis.

In the third phase, the repairman formulates the problem of
preventive maintenance or repalr of the system, determines the
order of restoring functioning capacity, compares the time necessary
for préventive maintenance or repair with the time he has at his
disposal, and determines the necessary make-up of materlals, spare
parts (modules, assemblies, blocks), instruments, accessories,
and instruments. In a given case, decision'making can be formulated
as a task of multiparameter optimizatlon whose solution is diffi-
cult even in the absence of stress conditions.

The activity of the repalrman in the fourth phase pertains
to preparling the means of repalr (instrument, accessories, instru-
ments) for carrying out the plan of preventive maintenance (repair),
formulated in the process of making the decision, and the subse-

quent check of functioning capacity of fThe repaired systen,

If the reason for the loss of functioning capacity of the
checked system has been established correctly, and if the plan of
preventive maintenance or repair has been correctly realized,
and final check of the system will show that it 1s capable of
functioning. If as the result of the check it has been established



that the system subjected to preventive maintenance or repair 1s
not capable of functioning, the repairman should onece again return
to the first phase of activity. This situation enables one to
conclude that,in simulating the activity of the repalrman under’
stress conditions, the integral estimate of his working effective-
ness should expediently be carried out according to a criterion
which would take into account not only the complexity of repair
operations and the total time of restoring the lost functioning
capacity of the system, but also the number of transitions from
the fourth to the first phase, inasmuch as it characterizes the
guality of carrying out preventive maintenance and repalr opera-

tions on the whole,

The specifics of human activity carried out in the "man-
machine"” system, with man playing the role of the ergative re-
serve, pertain to the following. In the first phase he receives
and decodes information on the condition of automatic systems
that perform the algorithm of automatic guldance or control, while
in the second phase he compares the decoded information with
information accepted as a standard for the given conditions
and regimes of operation, If the results of the comparison prove
to be within permissible limits, the man carrying out the functilons
of ergative reserve returns with an assigned pericd to the first
phase of his actlivity. In this case, his activity during normal
operating regimes of the automatlic equipment becomes cycllc and
pertains to a sequential accomplishment of the first and second

phases.

When the reszsults of compariscon exceed the permissible l1imits
in the second phase, an analysls of the causes of this cutcome 1s
additionally made, The results of analysis are then used in the
third phase for making a decision as to which of the automatic
systems should be cut off, and for formulating the conceptual model

of human activity with respect to the switch from automatic to
manual guidance or control regime.



In the fourth phase, practical realization of reserve control
and guidance algorithms is carried out, and the man, having
carried out functions of the ergative reserve prior to this, is
actually changed into an operator whose activity specifilcs have

been described above.

It should be noted that in the manned spacecraft that have a
high degree of autonomy, the forms of activity enumerated are not
limited. A characteristic of the cosmonaut's work is the fact that
the same person (crew member), depending on the situation that has
speciflically developed, must carry out functions of operator and
repalrman and ergative reserve, Naturally, the man who 1is a branch
of such "man-machine" systems, should fulfill the requirement of
"universality". The estimate of sultability of a man for working
in suech a system should pertain to quallty criteria for all
three types of activity, and the most complex algorlthms inherent
to each of the above-mentioned types of activity whould be chosen

as a background,

According to each of the described types of activity and thelr
combinations that follow from the requirements of practice| indivi~ /7_
dually, the degree of human occupational sultabllity should be
estimated according to criteria that ftake into account his
psychophysiological characteristics (rapidity of reactlon, memory
characteristies, accuracy of sensory-motor coordination, ete,),
as well as his capacity to make correct decisions 1n complex
(emergency) situations., Here, 1t is vital to take the fact into
account that man's working effectlveness basically depends on
his psychological preparedness to act 1n the emergency situation.



Estimating the gquality of human psychological preparedness
for activity under emergency conditions is expediently carried
out by using three types of emergency sltuations that significantly
differ from each other with respect to their specifics and force
of emotional impact:

- sltuations studied earlier but which have not appeared
suddenly;

- situations not studied before, not thought of before, and
that have occurred as the fesult of the sudden appearance of
combinations of breakdowns, not previously encountered;

- situations in which a threat to the health or 1life of
the man (the crew) directly appears.

When developing the criteria of such an estimate, it 1is
vital to take into account the timeliness of discoverilng the
reasons leading to the emergency situation, timeliness and
correctness of making a decision to assign the given emergency
sltuation to cne of the three indicated types, wlth the goal of
formulating a conceptual model of further activity, including an
estimate of the situation (creating the environmental model), and
developing a plan of activity, and finally, the correctness of
predicting the development of events and the effectiveness of
actions aimed at localizing or eliminating the emergency situa-
tion.,

Simulation of the indicated emergency situations is expediently
carried ouft both on the training apparatus llinked wlth a digital
analog simulator complex and an actual system for depicting
information that is supplied with false emergency signals, or
that breaks down without appropriate signals, and directly by
means of creating phyvslcal conditions that are near actual stress
conditions. This is done by creating an emotionally tense



background — such as a situation which exists, for example,
during flights aboard different alrcraft, when abandoning
submarines through torpedo tubes, in jumping with parachutes,
ete.,

Estimating the quality of human professional training and
activity under conditions of both individual stress factors
and combinations of them can be carried ouf both under laboratory
conditions and conditions that approach realistic ones.

In the former case, physical simulations of conditions under
which rapid human fatigue ensues or where there 1s a severe
deficit of time, a surplus or deficit of information, etc. are
used.

/ 8
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In the latter case, the basic simulation task can consist
of creating an adequate emotlonal stress that appears in connection
with exposure to danger, upon increasing responsibllity, a time
deficit, a load on attention, ete. The quality of human work
in this case 1s estimated according to timeliness and accuracy

of conscious actions [4].

It should be noted that estimating the quality of human
occupational preparation during the action of various stress
factors is done by taking into account the psychophysiological
indices of his functional-conditions, since complete recording
and timely analysis of such indices make 1t possible to draw an

objective conclusion as to expended efforts and inner reserves.

Correlation of the activity quality and the psychophysiological
indices makes it possible to predict human functional conditilon
and occupational activity, as well as behavior under emotionally tense

cognditions of work.
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The authors consider that the implementation of the investiga-

tlons noted in this article can lead to the creation of a system

for operationally estimating the condition and for predicting

-the quality of human activity under stress conditions.

Conducting the corresponding investigations and creating such

a system are important, complex problems requiring the involvement

of specialists of different disciplines, without which a success-

ful seclution is unthinkable.
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